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$\langle$ 1950 G. I. Taylor [4].














$($ ’ $= \frac{d}{d\phi})$
$d$ , $h$
$i$
$\phi_{i}$ , $r_{i}=ide_{x}+he_{z}+R(\phi_{i})$ $(e_{x},$ $e_{z}$
$x$ $z$ ) $V_{i}=\dot{\phi}_{i}R’(\phi_{i})$ (
79
$= \frac{d}{dt})$ $v(r)$ $g_{i}=\zeta[v(r_{i})-V_{i}]$
$\zeta$ $\eta$ , $a$
$\zeta=6\pi\eta a$ ( $R_{z}$ $O(a/R_{z})$ )
$g_{i}\cdot t(\phi_{i})+F(\phi_{i})=0$
$\dot{\phi}_{i}$
$=$ $\omega(\phi_{i})+v(r_{i})\cdot\frac{t(\phi_{i})}{|R(\phi_{i})|},$ $\omega(\phi)=\frac{F(\phi)}{\zeta|R(\phi)|}$ . (1)
$\omega(\phi)$
$-g_{i}$ $v(r)=- \sum_{i}G(r, r_{i})\cdot g_{i}$
$G(r, r_{i})$ Stokes Green
(Blake )
$G(r_{1}, r_{2})$ $\simeq$ $\frac{3z_{1}z_{2}}{2\pi\eta|r_{12}^{\perp}|^{5}}r_{12}^{\perp}r_{12}^{\perp},$ $z_{1},$ $z_{2}\ll r_{12}^{\perp},$ $r_{12}^{\perp}=(x_{1}-x_{2}, y_{1}-y_{2},0)$ . $(2)$





$\dot{\phi}_{i} = \omega(\phi_{i})(1+\sum_{j\neq i}\frac{F(\phi_{j})}{F(\phi_{i})}H_{ij}(\phi_{i}, \phi_{j}))$ , (4)





$\dot{\delta} = \omega(\phi+\delta)-\omega(\phi)+[\frac{F(\phi)}{F(\phi+\delta)}\omega(\phi+\delta)-\frac{F(\phi+\delta)}{F(\phi)}\omega(\phi)]H_{12}(\phi+\delta, \phi)$
(6)
$\simeq [\omega’(\phi)+(\omega’(\phi)-2\frac{F’(\phi)}{F(\phi)}\omega(\phi))H_{12}(\phi, \phi)]\delta$ (7)
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1: (a) $F(\phi)$









$[\ln F(\phi)]’=cH_{12}(\phi, \phi)$ ( $c$ )
$F(\phi)$
$b$
$R(\phi)=(b\cos\phi, b\sin\phi, 0)$ (9)
$\gamma=\frac{9ah^{2}}{d^{3}}$ (10)
$H_{12}( \phi, \phi)=\gamma\sin^{2}\phi=-\frac{\gamma}{2}\cos 2\phi+$ const (11)
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(8) $\ln F(\phi)$ Fourier
$\sin 2\phi$
$F(\phi)=F_{0}(1-A\sin 2\phi)$ , $F_{0}>0,$ $0<A<1$ (12)
$F(\phi)$
$F(\phi)=F_{0}[1+B\sin(\phi+\alpha)],$ $F_{0}>0,$ $|B|<1,$ $0< \alpha<\frac{\pi}{2}$ (13)
(12) 1(b)
$R(\phi)=bt_{0}\sin\phi$ $t_{0}$










( ) $\tilde{\phi}$ $d\phi/d\tilde{\phi}=$





$=$ $[ \frac{F(\phi)}{F(\phi+\delta)}\omega(\phi+\delta)-\frac{F(\phi+\delta)}{F(\phi)}\omega(\phi)]H_{12}(\phi+\delta, \phi)$ . (16)
82




2: $V(\delta)$ (a) (9), (12) (b) (18),
(19) (c) (b) 1 $\delta=\delta_{0}\simeq 0.29\pi$
$\tilde{\delta}$
$(H_{12}(\phi, \phi)=O(\gamma)\ll 1)$ $\delta$







(9) ( $b\ll d$ ) (12)
2(a)
$\tilde{R}(\tilde{\phi})=b(\cos\tilde{\phi}, \frac{1}{2}\sin\tilde{\phi}, 0)$ , $b\ll d$ (18)
$\tilde{F}(\tilde{\phi})=F_{0}(1-\frac{1}{10}$ sm $2 \phi+\frac{1}{2}s.n4\phi)$ , (19)
2(b) $(\delta=\pi)$










$\dot{\Phi}_{i}$ $=$ $\omega_{0}\sum_{j\neq i}\frac{F(\Phi_{j}+\omega_{0}t)}{F(\Phi_{i}+\omega_{0}t)}H_{ij}(\Phi_{i}+\omega_{0}t, \Phi_{j}+\omega_{0}t)$




$\Phi_{i}-\Phi_{j}$ ( $r_{i}-r_{j}$ )
$J_{ij}(\Phi_{i}-\Phi_{j})$ :
$\dot{\Phi}_{i}=\frac{1}{T}\sum_{j\neq i}J_{ij}(\Phi_{i}-\Phi_{j})$ . (22)
(9) $($ $b\ll d)$ (12) $($ $A\ll 1)$
$b/d$ $0$ $A$ 1
$J_{ij}(\Phi_{i}-\Phi_{j})$ $\simeq$ $\frac{\gamma}{2|i-j|^{3}}[\cos(\Phi_{i}-\Phi_{j})-A\sin(\Phi_{i}-\Phi_{j})]$ . (23)





$K(x) \sin\triangle(x)=\frac{\gamma d^{3}}{2|x|^{3}}, K(x)\cos\triangle(x)=-\frac{\gamma d^{3}A}{2|x|^{3}}$ (25)
$k$ , $\Omega$








$\delta\dot{\Phi}(q, t)$ $=$ $\Gamma(q, k)\delta\Phi(q, t)$ , (29)
$\Gamma(q, k) = \frac{1}{2}[K_{c}(k+q)+K_{c}(k-q)-2K_{c}(k)]$ (30)
$K_{c}(k) = \sum_{x}K(x)\cos\triangle(x)\exp(-ikx)$ (31)
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